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INTRODUCTION 
: Growth of Usenet Natura l-Gas Storage 


Natural gas was first stored underground in Welland County, tarts 
Province, Canada, in 1915. 3/ The following year natural gas in the United 
States was first stored underground successfully in the Zoar field near 
Buffalo, N.Y. (Qnly three additional storage fields were in use in the United : 
States in 1930, but by 1940 the number had increased to: over 30, and Sirice 
that timc growth has been more rapid. At least 80 fields, with a EF ombined 
storage Peerueacl of 440,828 MM c.f., were being utilized by 1949.2/ In May °.. 
1952, 1h2 storage projects having a capacity of 915,000 MM c.f. were in opera- 
tion. 5 These fields are distributed from New York to California--from 
Michi gan to Texas. In the Appalachian region alone, there are 101 storage 
fields with a combined capacity exceeding 526,000 MM cu. ft. - 


Why Natural Gas is Stored 


Natural gas is stored = order to be readily. available to meet the needs 
of consumers’. | 


ame demand Pot natural gas vl pecans irregular, caniednaes when a 
large percentage is distributed to residetial customers. The daily average 
consumption of gas during the winter my be over twice the daily average in — 
the summer; and on an excecdingly cold day, the peak demand is many times the 
average summer rate. The demand for naturel gas for domestic use on a warm 
afternom in the summertime is negligible. “Peak demands occur on cold winter 
momings when houses are being warmed and’ breakfasts are aie cooked. 

It is not practical to psiete ‘the gas ‘fields that are the primary source 
of the natural gas, or the pipelines that -trensport it, at guch- variable 
rates, Gas mst be produced at rates low eiough that the fields will not be 
damaged by rapid water encroachmant, bypassing of ‘less iors ‘portions of | 


2 @ @ 


rate. Also, the capacity of pisdinas that’ transport. the gas.teo:-mrket is 

limited by their sizes, working pressures, ahd other factors. Efficient | 

operation of these lines, Which vary in length up to about: 1,800 miles and — 

cost many millions of dollars, requires that they be operated insofar as 

ssiblc at cmstant rates at. or near capacity. 

Interstate Ol] Compact Commission, A Survey of ergrot 
Storage Projects in tHe United Statesy 1943, 19 pp. . - 

4/ Ball, Max W., Underground Gas Storaces Natural Gas eee , An i ‘Gas peace. o 
; press at Spring Mecting, May 1949, 30 pp... 

5/ Goodman, John V., Stattstics for Storage Sparse icas. 6E: Storage Flolass 

Natural Gas Dept., Am. Gas ABSQE Ss Brees at vePrras pees ‘May 19523 
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Storage of gas near the point of consumption is one way to equalize the 
supply and demand. Natural gas can be produced and transported to the point 
of storage at a constant rete. When the demand is less than that rate, the 
excess supply is put into storage, from whence it can be withdrawn latcr to 
meet demands in excess of pipeline and gas-field capacity. As a result, 
natural gas can be made availeble to more customers than could othcrwise be 
served. ty pical seasonal cycle of injection and withdrawal is shown in 
figure 1.6/ 


Storage of gas also provides a supplemental supply to met emergencies 
caused by the mechanicel failure of pipelines or other facilities; and better 
Service is assured uscrs of natural gas. 


Why Natural Gas Is Storcd Underground 


Underground storage ficlds offer two mor advantages over other types of 
natural-gas storagc. They ere bigger and less costly. Thcy ccnnot roplace 
other types of storage mtircly, because there is a definite need for gas 
holders, stecl-pipe storage, and other types with less capacity; but, if larger 
capacity is required, undorgroaimd storage is the answer, provided of course 
that a suitable ficld can de found. io 


A comparism by F. E. Vandaveer and J. J. Schmidt7/ of estimted canital 
costs for various types of storage is shown in table l. The weighted average 
cost of storing gas in the 13 wderground gas-stormege ficlds referred to in 
the table is $0.27 per Mc.f. The averago capcity of the 13 fields is almost 
5,000,000 M c.f., which is also subout the avcrage capacity of the 80 ficlds 
doscribed by Max Ball in 1949. In recent years, however, the trond has been 
to larger ficlds, such as the Miford storage field near Jeannette, Pa., of 
the New York State Natural Gas Corp. This field, the largest known to the 
authors, is reported to have a capacity exceeding 100,000,000 Mc.f. It is — 
difficult to visualize storage of a similar volume of gas above ground ..- 


TABLE 1. - Comparison of estimated capitel costs 
| for various types of Etorus : 


Cost per Mc.f., 


e of storage. | dollars 
SMhere (G0 P15 sls) osswsiseeeiceccscciccees! 227.00 = 
Steel pipe (2,240 p.8 cL.) sccocccssecesace, ~ 207.00 

- Gas holder (low PLESSUTC) see eeesneoeeores 156 .00 

Steel pipe (1,560 1.8 cd.) ecccccnscccncccn | 48 £00 
' Natural gas in PROPANE lagu kdaacewsceeeces® 32 .00 
Liquefaction sesssessgeeerecesecerecceeces: 13 .00 
Salt cavity storaget/ CO Core career cecrrooce | 1.42 
Underground storage (water. Sand) e-eeeeeee| 053 


Underground Storage , ' . 
- (depleted wells - 13 fields) ..c.ccesece’ 602, O | 
Assuming excavation af 1 MM c.f. cavity and disposa 
of salt brine in deep brine strata. Much aoee if 
salt is TCV and sold. | , 
Kornfeld, Joseph A., GaS storage Growth; O11 and as. VOUT «, Aug. c, 1951, 
vol. 50, No. 13, pp. 41-4e. 
7/ Vandaveer, F. E. and Schmidt, 7 J., Undergroumd Storage - and Migration of 
Natural Gass Gas, October 1950, pp. 121-128. 
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Why Natural Gas Is Stored Underground in the Appalachian Region 


The natural-gas industry in the United States originated in the Appalachian 
region when, in 1820,.a well was drilled near a gas seepage in Fredonia, N.Y., 
for the express purpose of obtaining a: larger flow of natural gas 8 This well. 
was completed at a depth of 27 fect, and the gas was markctcd.: Natural gas was. . 
utilized in West Virginia in 1841, in Ohio as early as. 1860, and in several "| 
Pennsylvania. towns by 1872. Natural gas was first piped to Pittsburgh. in. 1383 
and has contributed eye to the industrial growth ef the Beee ols 7 


As the industrial ee grew and the population er eeea: more and more 
people wanted to use naturel gas in their homes. The Appalachian region was | 
able to produce enough gas to mect the growing demand. for a while, but even- 
tually the local supply became inadequate. In 1951, the region consumed about 
14-1/2 percent of all the natural gas consumed in the United States - more than 
twice as much as it aa - and it i only . or r 3 poco of the a B 
gas reserves, 


‘Thus, it is necessary to pene gas into ere tiesudy jenesaieranee 
pipelines from Louisiana, Texas, and other southwesterm States. Storage 
capacity is.needed to vermit efficient utilization of these pipelines, and | 
mny suitable exhausted fields are available close to centers of consumption. 
Through their use, the life of: the industry is being prolonged in the 
Appalachian region ‘ and the inhabitants on joy an untnbersuryes PUEDE: of — 
natural gas. : 


Hazard of Storing Gas Undergroume in Lop EES ‘Areas 


Concurrently with the growth of aon gas storage, the coal industry 
has become -increesingly aware of the hazards of coal-mine explosions resulting 
from the ignition of combustible gas mixtures. No.more insidious hazard to 
coal mining exists than emission into the mine workings of firedamp from the 
surrounding strata, including the coal itself. Fircdamp cannot be smelled, 
tasted, or scen; usually it is liberatcd from coal at such low pressure ‘that | 
there is no sound. With rare exceptions, firedamp is methane with only traces 
of other gases that have no effect. on. its explosibility. Many hundreds of 
experiments have shown that the difference in explosibi lity between firedamp | 
and natural gas is too small to have any significance. ‘The. deaths caused by 
firedamp explosions in coal mines over the hundreds of years of the industry's 
history are staggering and well nigh unbelievable to persons not associated 
with the industry. 


It is to be enue that coal-mining. men should be ‘alarmed by any pos-. 
sible increase in Mberation of explosive gas in their mines. That they 


should want positive proof that. gas stored in the ee cannot. enter their 
nine workings is equally to be ices | . 


8} ley, Henry A., Netural Gas; Geology of Natural Gas - a Symposiums Am. 


Assoc. Petrol. Geol., Tulsa, Okla., 1935, pp. 1073-1149. 
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Purpose of this Information Circular 


The coal and natural-gas industries are two of the Nation's greatest. 
They compete directly in many fuel markets, and the resultant improvements in 
production, distribution, and utilization are of great benefit to the general 
public. The coal industry is justly concerned for the safety of its employees. 
The gas industry is equally concermed regarding the adequacy of the service 
that it offers to its customers. Undergrounc storage is vital to the natural- 
gas industry and the many eas consumers in the Avpalachian region, 


The gas industry does not wish the gas, which it has brought from distant 
sources and stored, to leak into coal mines or anywhere else. Such leakage 
would be costly, and the lost gas wouldnot be available to meet the peak 
demands of the gas consumers. 


This report is issued to give information concerning underground gas 
storage and to point out the authors’ conviction that close cooperaticn betweam 
the coal and natural-zas industries is necessary whenever gas is stored near 
active coal mines. Only through such cooperation can the maximum degree of 
safety protection be afforded, Operating practices in both industries will 
undoubtedly change over a period of years. Coal will be mined in new arenas; 
gas will be stored in acditional fields. Each industry must give some con- 
sideration to the possible effects of its expansion upon the other. By so 
doing, each can progress and contribute more effectively to the over-all 
strength of our Nation. 
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CHOOSING A FIELD FOR UNDERGROUND NATUBAL-GAS STORAGE _ 


‘Kind of Storage Noed cd _ : 


The size ana typ. of gas storage id depend upon the uEEOee for Si 
which it is intcndcd . 7 


Ifa stomee field is desired ro svi ges during an emergency, such. as. 
a pipeline break-.or other cQuipment failure, the field need not be large, but» 
it mst be capable of 3 oducing gas for a short period at a high rate of flow.. 
According to Goodman ,7 of field with a capacity of 290,000 to 300, 000 Mc.f. of . 
gaS, with a delivery "adequate to compensate the greatest. Propane ences aa 
vould be the acon’ ‘storage unit nor this ‘purpose. | 


If storage is required to saadth ae the seasonal variations in a 
and demand, a larger ficld may be required’, depending upon the menitude of 
the variations .» This.tyde of storage must be capable of producing gas for a 
Sustained period of Several months. Goodman has cited E.uitable Gas Co. Unit 
No. 3 as an example. It has a capacity of 2,890,000 M ¢:f. and an initial . 
delivery rate of 40 OO Me.f. of gas per day. The saci proraee fields are 
of this type. 


“Where to Look fora , Storage Picld 


Underground storage fields in the United States have Soi devoloped fron 
depleted or partly depleted gas ficlds, oil ficlds, and abandoncd noncommercial 
G&S fields, and also in formerly untested water sands . . The old ficlds have .. 
demonstrated their capability of holding gas under pressure at onc: time; and,-. 
unless thoy have been irronarably damaged through indiscriminate drilling and 
completion of wells, they may be. dcvelopcd into storage ficlds.. In many cascs,. 
the original wells in tho field may be used again in the sorage operations , 
Also, the fields may ee be connected to existing pepeene: facilities. 


The usual practice ‘is to scarch for a suitable storacc. ficld as near ‘the 
market as possible; however, ‘if a major pipoline serves more than onc market, 
Storage may be dc8irable at a point that wili enable the field to serve over 
One market. Thorough study of all depleted gas fields along the transmission 
lines and within a reasonable distance of the markets may disclose a field st 
Suitable for storage. Max Ball has suggested that a large transmission company 
mght afford to go as far as’ 300 or 4OO miles from its markets to cdtain a 
Sultable storage field, but most of the present’ fields are less’ than 200 miles 
from the markets they serve. In some.cases, two. or more small fields may be 
used if one large enough cannot be founds | 


If a suitable depleted gas field cannot be found within the areca ‘selected 
for a storage project, it may be necessary to. consider some other form of 
underground storage.- In the Doe Run and Muldraugh storage fields in Kentucky, 
gas {s being stored in sands that contained little or no natural gas originally. 
This idea of storing gus in a water sand has gained considerable popularity in. 
Tecent months, and one such project in Kankakee County , baler with an antici . 
pated cost of 36 million dollars and an estimated capacity of 90, 000, 000.M c.f. 
is uder cmsideration . at present... 

9/ Goodman, John V., Ten Years of Underground Gas etoraces Gas Age, May 3, 

1945, pp. 33-37, 80-84, 
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Gas also my be stored in depleted, partly depleted, or even active oil 
fields. A good example of this type of storage is the Playa del Rey field in 
California, which did not contain a gas cap originally; but part of it is being 
used today for storing nitural gas. In the Bammel field, Harris County, Tex., 
netural gas is being stored in a field that is currently producing liquefied 
petrolcum products through a cycling plant. The stored gas will help to 
maintain the pressure in the g2s-distillate rcscrvoir. 


In Michigan, New York, Toxas, and. perhaps some other States, liqucfied 
petroleum gnses (butane and propane) are being stored in artificially created 
caverns in massive salt formetions. Thc.cavities are formed by mining or by . 
dissolving the salt in wator circulated through wells drilled from the surface 
In at least one field, the brine solution displaced by the liquefied petrol Gum: 
gases is stored in a sand formation, from whence it can be recovered and used 
to maintain the pressure in the cavern when the Hqueficd petroleum gases are 
withdrawn. This method may be applicable to the storage of natural gas. It 
is not in usc now, however, and its possibilities are not known. 


Requirements of a Gas -Storage Field | 


It has been statcd previously that a storage ficld should be near the - 
market it scrvcS and large enough and capable of producing gas rapidly cnough 
- to mect the demnds causcd by cOuipment failures or seasonal variations in 
temperature. A Mecld my mect 2ll of the above requirements, however, and 
Still be useless as a storage fleld--if it is not gas-tight. 


It is self-evident that most depleted gas fields were gas-tight before 
they were drilled; otherwise, gas coulé not have accumilated in them. Gas, 
which tends to migrate upward, has been prevented from so doing by an imperme- 
able rock formation. In some fields the impermeable formation overlies a 
Separate. permeable formation, and the gas is trapved in anticlines, domes, and 
other structures created by folds in the rock strata. In other fi elds the gas 
is trapped in formations that have variable permeability, and the impermeable 
‘portions of the formation prevent migration of the gas from permeable lenses. 
Both types of fields are being used for storage in the Appalachian region. 
Idealized cross sections showing the relationship of the permeable and imperme- 
able formations in the two types of fields are shown in figure 3 .10/- . 


Whether or not a field is gas-tight after it has been depleted depends 
upon the condition of the wells that exist in the field. In some depleted 
fields, casing (pipe) has been pulled from the wells and salvaged, leaving 
the open hole unprotected. Other wells have been plugged with lead or wooden 
plugs or with cement; some have merely been filled with dirt and debris. 


In addition, there may not be any surface indication of the old wells, 
Cultivated fields, highways, houses, barns, and other structures may be located 
directly over them. Unless the history of a depleted field is known and the 
Wells can be found and reconditioned if needed, the risks occasioned by 
improperly abandoned wells my make the field economd ca lly uneuaenie: for 
consideration. A storage field must be gastight. 


16/7 Murdy , R. J -, The Underground Storage of Gas: Mine ee Inst. America 


- Wilkes-Barre, Pa., June 9, 10, and 11, 1952. 
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Figure 2. - Types of gas fields used for storage in the Appalachian region. 
(After Murdy, R. J.) 
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The capacity of a ficld is determined by its areal extent, the thickness 
of the formation in which gas can be stored, and the effective porosity of the 


formation. Contrary to sone popular opinion, the formation in which gas occurs 


may not contain large cavities or caverns. In many fields, gas is found in 
sandstone resembling that used in constructing buildings; the gas is present 
in the millions of interstices bctween the grains of sand. Part of the space 
is filled with a cementing material which holds the grains together, and this 
mtcrial may isolate some of the interstices so that there is nd passageway 
between them. Qnly the intcrstices.-that dre interconnected are effective in 
producing gas, and they are the only ones in which gas can be storcd.: They 


constitute the effective porosity of the formation. ‘Where information regarding 


the porosity and thiclmess: of the formation and the arcal oxtent, of a field is 
available, ita capacity: to-store gas at various pressures can be calculated. 


If thesc factors.are not kmown, they can be determined by laboratory analysis | 


of rock samples from the: formation , electrical well- ~logging devices, and 
engineering appraisals. «° 


Another important characteristio is the eaveeenes of the ficld. In 
other words, how rapidly can gas be produced from it, or conversely, how rapidly 
can gas be injected into it without building up an excesSive pressure at the 
Wells? This can be determined in part by the number of wells drilled in the 


field andthe pressure at.which gas is stored. The rate at which gas will flow.” aa 


through the formation itself, however, depends directly upon the permeability 


of the formation -. that property that is determined by the size and arranzement’ - 


of the passageways betwee interstices. If the passageways wild accommodate & 
high rate of flow with a relatively low pressure drop between interstices, ‘the 
Dermeabi lity of the formation is said to be hich. The dcliverability of wells” 
drilled into such formtions is correspondingly high, and fewer wells:are | 

required. Not only will each well produce gas at a higher rate, but each will 


Produce gas from a larger surrounding arca in a highly permeable formation than — 


it will in a less permcable ‘onc. 


A ficld with small capacity and high dclivcrability is suitable for some 
purposes; a large ficld with lcss deliverability is suitable for others - but _ 
@a ficla that is not gas-tight is suitable for none. Thus, ae, to hold — 
gas under pressure is the principal rcquisite ofa storage ficld.. If it will 
leak, the ficld 1s uscless to a company that wishes to store gas. 


Of course, a leaky field also my be hazardous to nearby coal. mines : 
whether or not it is depends on how the gas leaks and where the gas goes. . 
Neither a gas ‘company. nor a: ca owner wants or can afford a lealy puorsee 
field. | 


TEVELOPMEND OF A GAS STORAGE FIELD 


Legal Right to Store Gas Must be Obtained 


If a gas company does not already have the legal right to store gas in: an 
underground formation, thas right mst be.obteined. Many leases were obtained 
from land owners tong before the storage of gas underground was contemplated, 
end storage rights arc not provided therein. Usually, however, land .owers”™ 
are willing to extend these rights and ‘thus prolong the receipt of income from 
@ source that otherwise would be dépleted. | 
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_ In TlUnois, klahoma, Kansas, and New Jersey, the benefit of underground 
gas storage to the general public has been recognized, and laws have bem 
passed extending the right of eninmt domin to undersround .gas-storage fields. 
Thus, storage rights can be obteined by comdemation proceedings if necessary 
to serve the best interests of the public; however, such proceedings rarely 
are em loyed . | 


ow and Reconditioning 01d Wells 


The finding and reconditioning of old wells in a depleted field are vital 
factors in determining whether or not it will be successful in its nw role. 
An undiscovered or improperly completed well might leak gas from the storage 
field and cause a loss to the gas company as well as a hazard to nearby coal 
mines. Consequently, these operations receive thorough consideration and 
' study by geologists, petroleum and natural-gas engineers, and other skilled 
personnel of the gas compenies. Reworking old wells is costly, but when the | 
Success or failure of a mltimillion dollar project is at stake, no practice 
short of the best that is known can be afforded... 


Locating abandon ed wells is sometimes aifficult, when little or no surface 
trace of the wells remains. Old maps, well-log Piles, andother old records 
may provide veluable clues. Royalty owners, lease employecs , retired drillcrs, 
-and other old inhabitants of an area usually are sources of helpful informtian. 
-Commercial pipe detectors, wartime. mine detectors, dip ncedlos, and magnetic 
compasses are particularly useful. With this equipment, engincers can find thc 
exact location of many abandoned wells and the approximate location of others. 
Some wells can be found only by cxtcosive cxcavation with a bulldozer, and 
gas companies have dug up sevcral acres of lend in somc instanccs to find 
abanda@ed wells; the gas compeny's enginecrs must be satisfied that all of the 
wells ina Picld have bcon found before they procecd to develop it for gas 
storagc. 


After the wells are found, their mechanical condition is determined; if 
necessary, thcy are plugged or reconditioned. This is a costly cndeavor but 
is fully justificd. A well in an active gas ficld must be completcd to last 
for the life of the ficld, whercas a well in a gas-storage ficld must bc 
completed to last indefinitely. 


Completion practices vary in the Appalachian region according to conditions 
encountered in the wells. Fi e 3 illustrates typical casing and cementing 
methods used by one company .l1/ Both she surface and production strings of 
casing are cemented to the surface, providing a double string of cemented pipe 
through coal measures. This method affords excellent protection against the 
loss of gas from storaze into coal measures, water sands, or elsewhere. Com- 
pletion methods used by other companies vary somewhat from that shown in 
pee 3, but ell must Protect ak leakage. 


The problems of dri liing and completing oil and gas wells through coal 
beds are not new. The Director of the Bureau of Mines called a meeting of 
coal operators and oil and gas operators in 1913 to discuss precautionary 
methods to be taken when dri gia oil or ‘gas wells through workable coal 


1i/ Work cited in footnote 10. ; 
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Figure 4. - A method of plugging a gas well for abandonment. 
(After Murdy, R. J.) 
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beds 12/13/ tetor, in April 1928, the Amorican Institute of Mining and _ 
Metallurgical: Ingineers made e report on’the subject. In November 1929, the _ 
Bureau of Mines issued an Inforim:.tion CircularL4/ describing, in part, regula- 
tions governing the drilling of oil or gas wells through workeble coal beds | 
in several States, notably West Virginia. It cAén be Seen, therefore, that the 
subject has been exposed to much discussion by competent authorities, and 
regulation by several States. Present-day drilling and eoneS eee pmctices 
are the results of. mony years of ee 


; Pluceiie wells thet are inelihtavte for ome reeson or: deaths for use in a 
storege field is-a kind of reconditioning. As a mtter of fact, some wells’ 
that are ultimtely pluzzed require considerable reconditioning - redrilling | - 
and clenaning out - before they can be ‘plugged. Maure 4 illustrates a method - 
by which one gas well was plugged for abandonment ; .15/ however, this 1s not the 
only way that e well can be Plugged eet and it eel not be considered 
@ standard for the ican | ' 


Now Construction 


Although finding a, ‘suitable fiola snd siesalde tenia old walls are vrimry 
requisites of an underground gnas-storage project, they are not the only factors 
to be cmsidered. Pipelines must be built, in-mmny instances, to serve as 
connecting links between the storage ficld "and the distribution system. Com- 
pressor stations to boost the e218 pressure are frequently needed. Gas- 
dehydreatim plants my be required to remove water vapor from the gas and thus’ 
prevent formtion of hydrates in the pipelines. Also, additiom1 wells usually 
are needed to provide adequate deliverability of gas during peak loads, All of 
these factors add.to the cost of the project. The gas industry cannot. afford | 
these expenditures. without reasonable assurance that the storage will be gas- 
teht ; 


5 ihe! aie of new welts, in the ere of” eed mines is “of ‘vital con id 
cern to coal operators. In drilling these wells, the gas companies are not 
restricted, as they might be in reconditioning old Wells’, as-to thé size of =~ 
the hole. drilled and, the resultant’ casing programs, New ‘wells in gas pra 

fields ee all of ‘the best. practices’ and sa aad ‘now to the: er, _ 


- Storace Pressures - 


In general, gas is stored underground in the Appalachian’ region at ‘pres - 
sures that.do not exceed the: original pressure of the ficld in which it ts’ 
stored. This practice is based on the:theory that the field was filled ' ty 
nature to. that. Dee eeu. and a has Doce ee ta be eps tight at that: 


pressure e- 


O. P an ieceon, A. G., Proposed Eowaiscicns for this “Tit ng of 
Gas and Oil Wells; Bureau of Mines Techy: Paper 53, 1913, 28 pp. 
13/ Rice, G. S., Hood, 0, P., and Others, Oil and Gas Wells Through Workable 
Coal Beds ; Paners, and Discussions ¢ . Bureay of. ume Bulls. O55 nae a, 
ol pp., Lpl., Ll figs. 
14/ Herbert, C.A., Notes on Precautions to Be Taken. When Drilling 042: or Gas 
“ We lis’ Through Workable Coal Beds or Through Mine Workings ¢ -Bureau‘of . 
Mines Inf. Circ. 6195, 1929, 8 pp. 
15/ Work cited in footnote 10. 
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However, some 2as. companics are storing gas at pressures that exceed the 
discovery pressure, and this practice has caused alarm among coal operators 
who fear that the extra pressure might oven new passageways in the underground 
formation through which gas might escane from storage into their coal mines, 
with disastrous rcsults. 


These fears arc understandable, Some se eeeeuna storage fields resemble 
domes, with a water scal at the edge. It is possible that enough gas could be 
forced jnto such a dome to depress the water, break the scal, and allow ges to 
migrate into previously barren formtions. Also, it is conceivable that enough 
pressure might be cxcrtced in shallow fields to actually lift the eres 
Brava: and eroeee new | passageways within the formation. 


No group is bettcr aware of these possibilities than the gas companies 
themselves. As pointed out previously, they can ill afford to lose gs from 
storage. These companies maintain staffs of trained engineers and geologists 
to delineate the fields. Edge wells are drilled to detect the presence of gas. 
Movement of the water level in each field is carefully watched. Also, engineers 
can calculate the pressures required to lift the overburden at various depths. 


GAS ACCOUNTING IN STORAGE FIELDS 


The proof of the pudding is in the eating; and the proof of a gas-storage 
field is its ability to store gas in times of low demand and make it available 
to meet the peaks. In many respects, a storage field is similar to a bank, 
and the gas companies expect to get out as much gas as they put in. Moreover, 
a company must know how much gas it has in storage at any particular time. 
Thus, it is necessary to account for the gas as it is injected and withdrawn. 


Accurate gas-measurement records of the field's operation are kept. They 
enable the operator to calculate the volume of gas injected or withdrawn per 
pound of change in pressure and thus define a standard of performance that can 
be compared with the performance of the field at any date. This index of - 
performance is known as the “volume-per-pound"™ relationship. Because of the 
pressure gradiets set up within the formtion when gas is injected or with- 
drawn, the relationship seldom is a straight line, and the withdrawal curve 
usually lags behind the injectim curve. 


In spite of the best efforts of the gas companies to account for the 
stored gas, it must be recognized that orifice meters and other measuring 
devices are not accurate enough to provide an absolute check against.the loss 
of gas in small quantities, but large enough to create an explosive hazard in 
a coal mine. It behooves the coal operators, therefore, to be ever on the 
alert for gas occurrences from whatever source. 


CONCLUSIONS 
The storage of natural gas underground in coal-mining areas is necessary 
if the inhabitants of those areas are to mjoy continued use of natural gas in 


their homes. However, storage ficlds mst be developed with due consideration 
of the rights and safety of the coal de 
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The authors belleve that the only satisfactory solution is complete co- 
operation betwcen the two industries and their mutual mlishtenment through 
free exchange of information. No doubt, qucstions will be askcd to which no 
completely satisfactory answer can be given becausc Mmowledge is incomplcte. 
When this happens, a joint and vigorous effort should be mdc to fill in the 
gaps in information. 


The competitive rclationship bctwecn the two industries must not become 
a Stumbling block in the way of safety and public intorcst; the natural growth 
of both should be encourarcd. 
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